Prostaglandin E2 (PGE2) regulates membrane excitability, synaptic transmission, plasticity, and neuronal survival. The consequences of PGE2 release following seizures has been the subject of much study. Here we demonstrate that the prostaglandin E2 receptor 1 (EP1, or Ptger1) modulates native kainate receptors, a family of ionotropic glutamate receptors widely expressed throughout the central nervous system. Global ablation of the EP1 gene in mice (EP1-KO) had no effect on seizure threshold after kainate injection but reduced the likelihood to enter status epilepticus. EP1-KO mice that did experience typical status epilepticus had reduced hippocampal neurodegeneration and a blunted inflammatory response. Further studies with native prostanoid and kainate receptors in cultured cortical neurons, as well as with recombinant prostanoid and kainate receptors expressed in Xenopus oocytes, demonstrated that EP1 receptor activation potentiates heteromeric but not homomeric kainate receptors via a second messenger cascade involving phospholipase C, calcium and protein kinase C. Three critical GluK5 C-terminal serines underlie the potentiation of the GluK2/GluK5 receptor by EP1 activation. Taken together, these results indicate that EP1 receptor activation during seizures, through a protein kinase C pathway, increases the probability of kainic acid induced status epilepticus, and independently promotes hippocampal neurodegeneration and a broad inflammatory response.
Introduction
PGE2, a major cyclooxygenase 2 product in the mammalian brain, exerts hormone-like properties that modulate many physiological and pathophysiological functions, among them membrane excitability and synaptic transmission in CA1 pyramidal neurons (Chen and Bazan, 2005) . However, the pathways and mechanisms involved remain largely unknown. Kainic acid, an excitatory neurotoxin, when injected into rodents at doses ≥20 mg/kg induces seizures that can progress into status epilepticus, which in turn eventually causes development of spontaneous recurrent seizures (epilepsy) in the weeks following (Ben-Ari et al., 1979; Hellier et al., 1998) . Kainate receptors (KARs) are ionotropic glutamate receptors composed of GluK1 through GluK5 subunits that are located both presynaptically and postsynaptically throughout the CNS and are involved in synaptic plasticity and transmission (Huettner, 2003; Kamiya, 2002; Lerma, 2003; Pinheiro and Mulle, 2006) . Recently we demonstrated expression of the high affinity kainate receptor subunits (GluK4 and GluK5) in the CA3 region of the hippocampus (Rojas et al., 2013) , which supported a previous report by Darstein et al. (2003) . The expression profile of the high affinity kainate receptor subunits is consistent with the localization of kainic acid binding in the hippocampus. Furthermore, the expression profile of GluK5 (one of the high affinity KA subunits) correlates with the neurodegeneration pattern in the hippocampus following kainic acid injection in rodents.
A prominent neuropathology associated with kainic acid induced status epilepticus is hippocampal neurodegeneration. Recent studies have suggested that signaling via the prostaglandin EP1 receptor may affect the fate of neurons following brain injury. For example, EP1 deficient mice show less neuronal injury following transient forebrain ischemia (Shimamura et al., 2013) and cerebral ischemia (Zhen et al., 2012) . Pharmacological inhibition of the EP1 receptor with SC51089 reduces neuronal loss and blood-brain barrier disruption following ischemic injury (Fukumoto et al., 2010; Shimamura et al., 2013) suggesting that EP1 activation may promote cell death. Kawano et al. (2006) demonstrated that EP1 gene inactivation reduced brain injury following NMDA induced excitotoxicity, ischemia or oxygen glucose deprivation,
